NRC INSPECTION MANUAL NMSS

I NSPECTI ON PROCEDURE 85403

MEASUREMENT CONTROL PROGRAM

PROGRAM APPLI CABI LI TY: 2683

85403-01 | NSPECTI ON OBJECTI VE

The objective of this inspection procedure is to verify that the
i censee’ st material control and accounting (MC&A) program for a
Category Il fuel facility or uraniumenrichnment facility, includes
a neasur enment control programthat neets the appropriate regul atory
requi renments, includingthe stated general perfornmance objectives,
and specific MC&A neasurenment uncertainty criteria, for the
applicable type of facility.

85403-02 | NSPECTI ON REQUI REMENTS

The inspector should verify that |icensees have inplenmented a
measur ement control programwhi ch assures t hat nmeasurenent bi as and
variability are neasured and controlled. The inspector should
review the follow ng:

02.01 Organization and Managenent. Review the |I|icensee's
organi zation charts, the measurenent control plan and procedures,
measurenent system qualification procedures and records,
measur enent procedures and equi prent, and MC&A anal yst traini ng and
qual i fication records.

02. 02 Measurenment Standards. Revi ew the handling and contro
procedures for calibration standards.

02.03 Calibration. Revi ew neasurenent system mai ntenance and
cal i bration records.

Hereinafter, the term |icensee subsunmes the term
“certificate holder,” which appliesinthe case of the gaseous
di ffusion plants (GDPs). Likewise, all certificate-rel ated
requi renments, including those in GDP conpliance plans and
corrective action commtnents, are subsuned under the term
“l'icense.”
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02.04 Statistics. Revi ew control charts for the inplenented
measurenment systenms, statistical program descriptions and
statistical anal ysis reports, and procedures for resol vi ng out - of -
control neasurenent systens.

02.05 Contractor Program Audits and Reviews. Review audits and
reviews performed to ensure that use of neasurenments by a
contractor or off-sitelaboratory do not conprom sethelicensee’s
ability to neet any measurenment or measurenent control requirenment
in the applicable regulations or in its Fundanmental Nuclear
Mat eri al Control (FNMC) Pl an.

85403-03 | NSPECTI ON GUI DANCE

Gener al Gui dance

The i nspector should verify that the uncertainties associatedw th
t he measured val ues that support the MC&A systemare quantifi ed,
and that the licensee continually controls the quality of
measur enent systenms enployed for MC&A to a level sufficient to
satisfy the capabilitiesrequired for | oss detection, response, and
accounting. The goal of the measurenent control program whichis
inthe nature of a quality assurance program for special nucl ear
material (SNM neasurenments, is to maintain the total MC&A
measur enent uncertainty for a given material balance within the
limts specifiedin 10 CFR 74.31(c)(4) or 10 CFR 74.33(c)(3) (ii),
as applicable.

To prepare for the inspection, the inspector shoul d:

1. Revi ew t hose portions of the FNMC Plan and the license
conditions pertainingtothe plannedinspectionactivities.

2. Revi ew the previous two MC&A inspection reports for the
site.

3. Revi ew any unresol ved or followup itens fromthe previous

i nspections to be addressed during the current inspection.
4. Review the content of any communications (including

i nformation notices and bulletins) tothelicenseethat were

i ssued since the |ast inspection.

Speci fi c Gui dance

03.01 Organi zation and Managenent. The inspector should verify
that: (1) the organization and nmanagenent of the neasurenment
control program are adequate to ensure that the program is
i ndependent of those individuals who are perform ng MC&A
measurenents; and (2) neasurenent bias and uncertainties are
nmoni tored and controll ed. Training and qualificationrequirenents
for measurenment personnel should be nmaintained.

Measur ement control procedures shoul d be mai ntai ned, and contr ol
limts should be cal cul ated and mai ntai ned for each nmeasurenent
used for MC&A pur poses. Those nmeasurenent systens contri butingthe
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| argest quantity of wuncertainties, and whose uncertainties
accunul ate to at least 90 percent of the total neasurenent
contributionto standard error of theinventory difference (SEID),
must be regarded as key neasurenent systens, and be i ncluded inthe
measur enent control program Additionally, any nmeasurenent system
(regardless of its uncertainty contribution to SEID) used to
measure atotal SNMquantity, during aninventory period, inexcess
of 25 percent of the active inventory, should be classified as a
key system and subject to the nmeasurenent control program

The facility shoul d docunent the procedures used to identify key
measur enent systens. Justification should be provided for
excluding fromthe neasurenent control program any systens used
for MC&A neasurenents that were not identified as key neasur ement
systens. The measurenent control procedures should address
measurenent system calibration and qualification; use of
cal i bration and control standards; the generation, collection, and
assessnment of control data; and the inplenmentation of corrective
actions. Control data should be statistically analyzed and
nonitored to detect out-of-control conditions, and the out-of-
control conditions should be appropriately resol ved.

The i nspector should verify the foll ow ng:

a. The neasurenment control program is docunented and
i npl enent ed.

b. Procedures for identifying key neasurenment procedures are
docunent ed.

cC. Key measurenent procedures are identified and included in
t he neasurenment control program

d. The nmeasurement control program uses procedures for
nonitori ng key measurenent systens used for MC&A purposes.

e. | mpl enentation procedures ensure that the neasurenent
control procedures will be performed as specified.

f. A measurenment control program manager (or coordinator) is
desi gnat ed, and either reports tothe MC&A manager, or i s at
t he sanme managenent |evel as the MC&A manager, if in a

di fferent organizational unit.

g. The neasur enent control programnmanager has the authority to
enf orce the neasurenment control programrequirenents.

h. Only qualified and cali brated measurenent net hods are used
for MC&A neasurenents.

i Measur enment net hods are val i dated and requalifi ed whenever
changes are nmade.

J . The nmeasurement control function ensures that MC&A

measurenents are not performed until the nmeasurenent system
denonstrates satisfactory performance.
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k. A qualification programis docunented and i npl enent ed, whi ch
ensures that neasurenment personnel denonstrate acceptable
| evel s of proficiency before perform ng MC&A neasurenents.

l. Measur enment personnel training, includingaqualificationand
requalification requirenents, is docunented.

m Trai ning, qualification, and requalification requirenments
for each nmeasurenent nmethod are specified in the training
pl an.

n. The training planis reviewed and updated to refl ect changes
i n measurenment technol ogy.

0. The training plan specifies criteria for the frequency of
requalification of nmeasurenment personnel.

p. Records of the training, qualification, andrequalification
of measurenent personnel are naintained.

g. Control limts are calculated and nonitored for al
measur enment net hods used for MC&A purposes.

r. The nmeasurement control program nonitors nmeasurenent
performance throughout the facility, and assesses the
acceptability of MC&A neasurenents, based on requi renments of
t he neasurenment control program

S. The nmeasurenment control function reports to managenent the
measur enent performance for the previous reporting period.

t. Statistical anal yses are properly sumrmari zed and reportedto
t he neasurenment and neasurenent control organizations.

03. 02 Measurenent Standards. The inspector should verify that
measur enent standards used for the calibration or control of
measur enent systens are properly selected and qualified (i.e.,
certified) for their i ntended use and are protected agai nst events
that could change their assigned val ue. Measur enment standards
shoul d be stored under controlled conditions that ensure the
continued validity of the assi gned val ues. The assi gned val ues of
t hese standards shoul d be traceabl e t hrough an unbroken chai n of
conparisons to the national systemof nmeasurenent standards. |If
t he standard's true val ue coul d change (e.g., because of noisture
pi ckup, evaporation, or oxidation), the value of the standard
shoul d be validated periodically. When nonconsunabl e standards
(e.g., certified weights) are used, the standards nust be
periodicallyrecertified (e.g., biannually). Recertification of the
assi gned val ues of standards should be done in accordance with
comm tments contained in the FNMC Pl an.

Cal i bration standards need not be representative of the process
material or items to be measured by the calibrated device or
system It is the primary neasurenent device, not the whole
system that generallyis calibrated. However, when practical, the
cali bration standard should be subject to all the process steps
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i nvol ved in the nmeasurenment process to which the sanpl e unknowns
are subject.

Control standards should be representative of materials being
measured. When practical, each control standard should have a
mat ri x and urani umconcentrati on resenbling that of the materi al
bei ng processed. Although they need not be identical tothe sanple
mat erial, any factor inthe sanple matri x that coul d produce a bi as
effect on the neasurenent should al so be present in the control
standard. For scales used to neasure very large itenms (e.g., UFg
cylinders), artifact itenms should be used to avoid buoyancy and
poi nt | oading bias effects. However, when the use of fully
representative control standards is not practical, the use of
partially representative standards is recomrended.

The i nspector should verify the foll ow ng:

a. Measurenent systens are calibrated against certified
reference standards or material s that establishtraceability
of measurenments to the national neasurenment base.

b. Al'l reference standards and working standards used in the
measur enent control programare traceable to the nati onal
measur enment base.

cC. Procedures for the proper use and storage of reference
st andards are docunented and i npl ement ed.

d. Reference standards are periodically revalidated or
recertified.

e. Ref erence mat eri al val ue uncertainties are smaller thanthe
uncertainties of the neasurenment met hod for which they are
used, where practical.

f. Control standards used in a nmeasurenment control programare
representative of the type and conposition of the materi al
bei ng nmeasured, when the material matrix may affect the
measur ed val ues.

03.03 Calibration. The inspector should verify that the licensee
has cal i bration procedures for all MC&A neasurenment systens, and
t hat the neasurenment systens have been calibrated in accordance
with commtnents contained in the FNMC Plan. These procedures
should clearly state the criteria to be used for perform ng the
initial and subsequent cali brations of a systemand for determ ning
the need for recalibration. The criteria should include the
cal i bration frequency, the types of reference materi als to be used,
and t he range of calibration. The calibrated range nust span t he
anti ci pat ed range of process material val ues. Any results outside
of the range of calibration should not be used for MC&A purposes.
Thi s range may not extend beyond t he | owest and hi ghest standards
used for calibration by the ampunt of the uncertainty val ues
associated with the standard. The inspector should verify that
cal i bration procedures conformto approved practices.

The i nspector should verify the foll ow ng:
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a. Cali bration procedures for all measurenent systens are
docunent ed and i npl enent ed.

b. The results of all calibrations are docunented.

cC. Scal es and bal ances are mai ntai ned i n good wor ki ng condi ti on
and recal i brated according to an established schedul e.

d. The cal i bration range or ranges cover the range expected for
t he paraneter bei ng neasured.

e. The calibration standards are traceable to the nati onal
measur enent system

f. The precision and accuracy of +the calibration are
statistically eval uated.

g. Paraneters (i.e., tenperature, density) that affect the
calibration are identified and controll ed.

h. Calibration standards are wused to perform relative
calibrations for confirmatory neasurenments.

i Process instrunments are calibrated by using appropriate
st andards, when available, or, at a m nimum by conpari ng
measur enent val ues wi t h nore accur at e measur ement systens on
a prescribed basis, with the frequency being defined by
denonstrated i nstrunent perfornmance.

J . All waste nonitors are calibrated using SNM materials
representative of those found in the materi al bal ance area
( MBA) .

03.04 Statistics. The inspector should verify that neasurenents
enpl oyed for MC&A purposes are obtai ned fromnmeasurenment systens
that are in a state of statistical control. The nmeasur enent
control programnmust nonitor the measurenent of control standards
and replicates analyzed for MC&A purposes, unless specifically
exenpted within the FNMC Pl an. Control Ilimts should be
established at the 0.05 (i.e., warning) and 0.001 (i.e., out-of-
control) |l evels of significance, or at |levels defined in the FNMC
Pl an. A systemgenerating acontrol neasurenent, that falls beyond

the out-of-control limts, should be immedi ately renoved from
generating accounting data until it has been shown to be back in
control (i.e., within the warning limts). An out-of-contro

condition nust be pronptly reported to the neasurenment control
program manager, and corrective actions inmplenented. Sanple
unknowns affected by the out-of-control condition should be
remeasur ed.

a. Measur enment Control Procedures and Equi penent. Measurenent
control data shoul d be revi ewed and statistically eval uat ed
at least nmonthly. Control limts should be recal cul ated at

a predeterm ned frequency (e.g., every 3to 4 nonths), and
nodi fied, if necessary. The review of programdata should
assess the frequency of control data exceedi ng the warni ng
limts and the occurrence of trends. 1In general, a nm ninmum

85403 - 6 - | ssue Dat e: 07/ 22/ 99



of two control standards should be neasured each week for
each nmeasurenment system when in use. During a materi al
bal ance peri od, a m ni rumof ei ght control standards should
be nmeasured (in accordance with the FNMC Pl an) for those
systems used during that period (16 neasurenents
recomrended) .

The i nspector shoul d determ ne t hat control charts, or their
equi val ent, are used i n conjunction wi th nore conprehensive
statistical analyses of control data during and at the end
of each material balance period. Such anal yses shoul d
i nclude but not be limted to trend anal ysis, anal ysis of
out-of-control data, analysis of the appropriateness of
control limts, andtests for randommess and normality. The
results of these analyses should be reported to all
i ndi vi dual s who have direct or indirect responsibility for
perform ng the associ ated measurenents.

The inspector should verify the foll ow ng:

Statistically based acceptance and rejection criteria are
docunmented and wused for confirmatory neasurenents on
i nventory itenms when such nmeasurenents are used to confirm
pri or measurenents.

MC&A neasurenments are not performed when the nmeasurenent
syst emdoes not denonstrate satisfactory performance inthe
measur enent of control standards.

A response plan is docunented for resolving control
measurenents that fail the acceptance criteria.

Al'l control measurenents failingthe acceptance criteriaare
eval uated and resol ved.

Procedures to <correct out-of-control conditions are
docunent ed.

Scal es and bal ances are checked daily for accuracy and
linearity before they are used for MC&A purposes.

Control |imts are calculated and nonitored for each
measur enent system or nethod used for MC&A purposes.

Limts for control, including uncertainties for each anal yst
and procedure conbi nation are established for neasurenment
nmet hods relying substantially on operator technique.

Replicates. The inspector should verify that replicate
measurenments of single sanples, and/or neasurenents of
replicate sanples, are performed to estimate the conbi ned
anal ytical and sanpling errors. The nunmber of replicate
measurenments and/or replicate sanples and their frequency
shoul d be perfornmed i n accordance with the FNMC Pl an. As a
general rule, thelicensee should anal yze replicate sanpl es
from10 percent of the MC&A bat ches, but as a m ni mumshoul d
anal yze at |least 15 replicate sanmples (unless fewer than
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85403

15 accounting batches are present). The |icensee need not
nmeasure nore than 50 sanples during each material bal ance
period for each material type.

Random error variances for scales, bal ances, destructive
anal ysi s, and nondestructive assay (NDA) can be detern ned
fromreplicate measurenments of control standards or process
itenms. Bul k-vol ume nmeasurenents do not require replicates;
error variances should be determ ned fromreproducibility
results obtained during calibration.

The inspector should verify the foll ow ng:

Repl i cat e measurenents and replicate sanpl es are neasured in
accordance with the FNMC Pl an.

Sufficient replicate neasurenents are perforned to permt
cal cul ati on of the combi ned anal ytical errors plus sanpli ng
errors, for each measurenent systemthat uses sanpling.

Replicate sanples are independent of their corresponding
ori gi nal sanpl e.

Cal cul ation of the SEID. The inspector should verify that
current data generated during the inventory period are used
by the licensee for establishing bias correction val ues,
uncertainties on calibration factors, and random error
vari ances. The i nspect or shoul d det er m ne whet her suffi ci ent
control standard neasurenents and replicate anal yses of
process materials were perforned to permt a determ nation
of the standard deviation associated with each error
conponent for each nmeasured quantity. The anount of effort
expended t o det erm ne t he magni t ude of randomand systematic
errors should be related to the role that such errors pl ay
in the calculation of the SEID

The inspector should verify the foll ow ng:

A programis docunmented, for the statistical eval uation of
measurenent data, to determ ne control limts, calibration
limts, and precision and accuracy |evels for each MC&A
measur enent system

Avalidstatistical techniqueis usedto determ nethetotal
randomand systematic error generated for each neasur enment
system to deternmne control limts, to devel op sanpling
pl ans for neasurenment of nuclear material inventories, and
to determne rejection limts and outlier criteria.

The uncertainty associated with each sanpling nmethod,
measur enent nmethod, or conbination is determ ned and
mai nt ai ned on a current basis.

Data fromrouti ne neasurenents are statistically analyzedto

determine and ensure accuracy and precision of the
measur enent s.
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5. Al'l maj or assunptions made i n each data eval uati on process
are docunented in accordance with the statistical program

6. Measurenent control data are analyzed, summrized, and
reported to the responsi ble personnel at specified tines.

d. Assessnent of Measurenent Proficiency. The inspector should
reviewthe SEIDto conpare the significant contributors to
the IDvariances with the descriptionsinthe FNMCPlan. |If
thelicensee has difficulties with a measurenent system the
i nspect or shoul d determ ne whet her a specific material type
i s the cause and whet her thi s has been described in the FNMC
Plan. The results of the evaluation should be discussed
with the |icensee.

The i nspect or shoul d: (1) determ ne whet her all measur enent
systems are nonitored; (2) review several key measurenent
systenms; and (3) observe procedural conpliance. Materials
measur ed by key nmeasur enent systens shoul d be i ndependentl|y
sanpl ed and submtted for analysis by the inspector to
determ ne the acceptability of the licensee's systens (UF,

woul d normal ly be an exception). The nunber of sanples
needed shoul d be determ ned using a 10 percent fal se al arm
rate coupled with the degree of variation (i.e., the

magni t ude of al | owabl e devi ati on) deened appropri ate by t he
i nspector. Usingthis approach, the inspector shoul d sel ect
a sanple size that is |arge enough to support a neani ngf ul
conparative statistical analysis wi thout placing an undue
burden on the |icensee.

The statistical met hods used to eval uate t he resul tant data
shoul d include, as appropriate, tests of individual and
cunmul ative differences, tests of means, and tests of

vari ance. The results of all such analyses should be
di scussed with the | icensee during a subsequent i nspection
and t horoughly docunented in an i nspection report. |If the

resul ts obtained are i nconcl usive, the evaluation could be
conti nued by either perform ng sone addi ti onal sanpling and
analysis (e.g., split sanples), or by having the |licensee
anal yze i ndependently certified standards brought in by the
i nspect or.

03.05 Contractor ProgramAudits and Reviews. If the licenseeuses
an out si de contractor or off-site anal ytical | aboratory to perform
MC&A measurenments, the inspector should verify that the |icensee
has i npl enented a revi ew programto ensure that the contractor or
out si de | abor at ory has an acceptabl e control program and that use
of the contractor's or | aboratory's data will not conprom se the
licensee's ability to neet its measurenment control commtnents.

The inspector should verify that the contractor's neasurenment
programconplies with applicabl e NRCrequirenents, by anal yzing t he
results of the licensee's annual reviews and audits of its
contractor |aboratory. |If issues are identified for foll ow up,
t hen t he i nspector shoul d di scuss the concernswiththelicensee's
managenent and, as appropri ate, schedule followup activities for
the contractor. An occasional visit by inspectors to contractor
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| aborat ories (perhaps every 2-3 years) m ght al so be enpl oyed as
an i ndependent check on the effectiveness and conpli ance of these
| aboratori es.

The i nspector should verify the foll ow ng:

a. The | i censee' s revi ewprogramfor outside contractor or off-
site | aboratory measurenment control prograns i s docunent ed
and i nmpl ement ed.

b. An initial review of the contractor's neasurenent control
program is performed before nmeasurenent data from the
contractor are accepted for accounting use.

cC. Fi ndi ngs of the licensee’s review programare eval uat ed by
t he managers of the MC&A and nmeasurenment control prograns,
and recommendat i ons of corrective actions to be i npl enent ed
are docunent ed.

d. Persons revi ewi ng t he contractor | aboratory are i ndependent
of and not associated with that | aboratory.
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